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and lubricants. We believe these ﬁndings
also underscore the value of afﬁrmative
models of sexual health. Attending to
pleasure and sexual well-being for both
young men and women could gain new
insights compared with a disease model
alone. j
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Childhood obesity is a critical
public health matter associated
with numerous pediatric comorbidities. Local-level data are required
to monitor obesity and to help administer prevention efforts when and
where they are most needed. We
hypothesized that samples of children visiting hospital clinics could
provide representative local population estimates of childhood obesity using data from 2007 to 2013.
Such data might provide more accurate, timely, and cost-effective
obesity estimates than national
surveys. Results revealed that
our hospital-based sample could
not serve as a population surrogate. Further research is needed
to confirm this finding. (Am J Public Health. 2015;105:1332–1335. doi:
10.2105/AJPH.2015.302622)

Childhood obesity is a worldwide epidemic
whose prevalence continues to increase1---4; it
causes signiﬁcant health consequences, such as
type 2 diabetes, hyperlipidemia, hypertension,
and adult obesity.5---9 Effective evaluation requires local-level data to monitor obesity and to
help administer prevention efforts when and
where they are needed most. School-based
samples are often used to determine the prevalence of childhood obesity; however, schools
are becoming increasingly reluctant to allow
researchers to collect data because of the
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Note. The home locations of participants have been randomized based on the census dissemination area to de-identify the spatial data.

FIGURE 1—Distributions of body index mass (BMI) classification between (a) the hospital-based sample (2007–2008) and (b) the school-based
sample (2011–2013): London, Ontario.

perceived burden on teachers and students,
issues of student privacy, and the possibility
of stigmatizing students with unhealthy weight.
Children who visit health care facilities routinely
have their height and weight measured using
precision scales and stadiometers,10 so values
from this population may accurately estimate
regional obesity. In this report, we compared
the mean body mass index z-scores (BMI-Z) in

a hospital-based sample with a school-based
sample to determine whether a hospital-based
sample could be used to estimate regional
obesity levels.

METHODS
Our study was a secondary analysis of data
collected for previously described studies.11---13
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The hospital-based sample, or hospital group,
included consecutive patients aged 2 to 18
years who presented to the emergency department or orthopedic clinic at London Health
Sciences Centre in London, Ontario, over a
9-month period in 2007 to 2008. Height and
weight were measured by staff as part of their
visits. The school-based sample, or school
group, was collected between 2011 and 2013
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TABLE 1—Examining the Differences in Body Mass Index Z-Scores Between the HospitalBased and School-Based Samples of Participants, Stratified by Gender, Age, and Median
Household Income
Hospital-Based Sample

School-Based Sample

t-Test Results

No. (%)

BMI Z-Score

No. (%)

BMI Z-Score

Z-Score

P

162

0.51

526

0.20

–2.742

.003

94 (58.0)
68 (42.0)

0.67
0.29

212 (40.3)
314 (59.7)

0.32
0.12

–2.588
–0.666

.005
.505

10

41 (25.3)

0.29

88 (16.7)

0.34

–0.430

.667

11

30 (18.5)

0.88

231 (43.9)

0.21

–3.088

.001

12

50 (30.9)

0.62

158 (30.0)

0.12

–2.652

.004

13

41 (25.3)

0.34

49 (9.3)

0.20

–0.577

.566

Low (< $64 000)
Middle ($64 000–$84 000)

50 (30.9)
42 (25.9)

0.64
0.78

151 (28.7)
186 (35.4)

0.32
0.37

–1.936
–1.856

.054
.065

High (> $84 000)

70 (43.2)

–0.05

189 (35.9)

0.26

–1.720

.087

Variable
Total
Gender
Male
Female
Age, y

Median family income

Note. BMI = body mass index. To achieve a 95% power, a minimum sample size of 212 hospital patients was required.

group. When stratiﬁed by age, BMI-Z among
11- and 12-year-old children was signiﬁcantly
higher in the hospital group. Stratifying the
2 groups by median family income found
no signiﬁcant differences in BMI-Z at any
income level. When controlling for gender, age,
and median family income independently,
the ANCOVA analysis found the adjusted
BMI-Z to be signiﬁcantly different between
school and hospital groups for each
covariate.
After understanding how BMI-Z compared
between the 2 groups in a bivariate analysis, we
conducted an ANCOVA analysis to understand
how BMI-Z differed between groups while
controlling for gender, age, and income. Our
ﬁnal analysis adjusting the means for all 3
covariates found a signiﬁcant difference between hospital and school groups (F = 7.216;
P = .007). The margin of error with 95%
conﬁdence intervals (Za/2)(SD/On) = 1.96
(1.24/O688) was 0.09 or 9%.

DISCUSSION
and included a representative sample of
children aged 9 to 14 years who attended 1 of
the 31 randomly selected elementary schools
throughout southwestern Ontario. Height and
weight were measured by study staff, whereas
postal codes and basic sociodemographic
characteristic data were collected using a parent survey. Our analysis was limited to residents of London who were 10 to 13 years old.

a series of difference-in-means tests to compare
group differences in BMI-Z across age, gender,
and income. We used the Mann---Whitney--Wilcoxon (non-normal) and independent
samples t-test (normal), as determined by a
Kolmogorov---Smirnov test of normality. An
analysis of covariance (ANCOVA) was used to
determine if controlling for age, gender, and
income eliminated between-group differences
in BMI-Z.

Measures and Statistical Analysis
Age- and gender-independent BMI-Z was
calculated.14 Age, gender, and median family
income were used as control variables. Because
individual-level income was unavailable, we
used median family income of the dissemination area (DA) in which the child resided.15 To
determine DA median family income16 for each
child, home locations based on postal code
centroids were mapped in a geographic information system,17 and DA-level income was
spatially joined to the intersected home
location.
We performed 4 analyses using SPSS Statistics version 21 (IBM, Armonk, NY). We used
a difference-in-means test to compare group
differences in BMI-Z; a v2 test to compare
distributions of gender, age, and income, which
are 3 well-known correlates of BMI18---21; and

RESULTS
The spatial distribution of BMI-Z for each
group is shown in Figure 1, and the analysis
results are listed in Table 1. The mean BMI-Z
in the hospital group was signiﬁcantly greater
than that in the school group. Our v2 analysis to
compare the distribution of key demographic
characteristic data found signiﬁcant differences between the distribution of gender
(v2 = 15.749; P < .001) and age (v2 = 50.166;
P < .001), but not income (v2 = 5.267;
P = .067).
We used a series of t-tests and ANCOVA
tests to determine if signiﬁcant differences
between hospital and school groups existed.
When stratiﬁed by gender, BMI-Z was
signiﬁcantly higher among boys in the hospital

1334 | Research and Practice | Peer Reviewed | Gilliland et al.

Our study demonstrated that our school and
hospital groups had signiﬁcant differences in
BMI-Z, when controlling for 3 common correlates of obesity (gender, age, and income).
There were a higher proportion of boys and
low-income children in the hospital group and
of girls in the school group, which was consistent with previous studies.13,22---25 Bivariate
analysis found no signiﬁcant difference in
BMI-Z between groups when controlling for
family income; however, a covariance approach
indicated that none of the 3 demographic
variables accounted for variance in the BMI-Z.
Therefore, our study added to the literature
by suggesting that a hospital-based sample
could not be used for estimating obesity levels
among a general population.
These results led to further questions as
to what characteristics of the hospital and
school-based samples helped explain the differences in BMI-Z. Future research needs to
compare the 2 groups while controlling for
other correlates of obesity, such as characteristics of social and built environments. The
limitations of our study included a moderate
hospital sample size, school sampling strategy,
lack of generalizability to other regions, and
the inherent limitations of data derived from
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census data rather than individual family
income. j

About the Authors
Jason Gilliland is with the Human Environments Analysis
Laboratory and with Geography, Paediatrics, and Health
Studies, University of Western Ontario, London. Andrew F.
Clark is with the Human Environments Analysis Laboratory, University of Western Ontario. Marta Kobrzynski and
Guido Filler are with the Department of Paediatrics,
University of Western Ontario.
Correspondence should be sent to Jason Gilliland, 1151
Richmond Rd., University of Western Ontario, London,
Ontario, Canada N6A 3K7 (e-mail: jgillila@uwo.ca).
Reprints can be ordered at http://www.ajph.org by clicking
the “Reprints” link.
This article was accepted January 27, 2015.

Contributors

7. Freedman DS, Dietz WH, Srinivasan SR, Berenson
GS. The relation of overweight to cardiovascular risk
factors among children and adolescents: the Bogalusa
Heart Study. Pediatrics. 1999;103(6 pt 1):1175---1182.
8. Halfon N, Verhoef P, Kuo A. Childhood antecedents
to adult cardiovascular disease. Pediatr Rev. 2012;
33(2):51---60, quiz 61.
9. Wijga AH, Scholtens S, Bemelmans WJ, et al.
Comorbidities of obesity in school children: a crosssectional study in the PIAMA birth cohort. BMC Public
Health. 2010;10:184.
10. Filler G, Yasin A, Kesarwani P, Garg A, Lindsay R,
Sharma A. Big mother or small baby: which predicts hypertension? J Clin Hypertens (Greenwich). 2011;13(1):35---41.
11. Ken Milne W, Yasin A, Knight J, Noel D, Lubell R,
Filler G. Ontario children have outgrown the Broselow
tape. CJEM. 2012;14(1):25---30.
12. Yasin A, Filler G. Evaluating Canadian children:
WHO, NHANES or what? J Paediatr Child Health.
2013;49(4):282---290.

J. Gilliland was the principal investigator on the project
involving the school-based sample. He conceptualized
the article and methodology, supervised the analysis,
and co-wrote the ﬁrst draft of the article. A. F. Clark
was the project manager for the collection of data for
the school-based sample, conducted the analyses, and
co-wrote the article. M. Kobrynski assisted in the writing
and editing of the ﬁnal article. G. Filler was the principal
investigator on the project, collected data from the
hospital-based sample, helped develop the methodology
used for analysis, and edited the article. All authors
approved the ﬁnal article for publication.

13. Gilliland JA, Rangel C, Healy M, et al. Linking
childhood obesity to the built environment: a multi-level
analysis of home and school neighbourhood factors
associated with body mass index. Can J Public Health.
2012;103(9 suppl 3):eS15---eS21.

Acknowledgments

16. Statistics Canada. Census of Population, 2006.
Ottawa, ON, Canada: Statistics Canada; 2006.

This work was supported by grants from Children’s
Health Foundation (London, Ontario, Canada), Canadian
Institutes of Health Research, and the Heart and Stroke
Foundation of Canada.
We would like to thank Michael Miller for his
guidance on statistical analysis.

Human Participant Protection
The study was approved by the institutional ethics review
board of the University of Western Ontario (#13746E,
#17918S) and ethics ofﬁcers from the 4 school boards.

References
1. Armitage JA, Poston L, Taylor PD. Developmental
origins of obesity and the metabolic syndrome: the role of
maternal obesity. Front Horm Res. 2008;36:73---84.
2. Karnik S, Kanekar A. Childhood obesity: a global
public health crisis. Int J Prev Med. 2012;3(1):1---7.
3. Lobstein T, Baur L, Uauy R. Obesity in children and
young people: a crisis in public health. Obes Rev. 2004;
5(suppl 1):4---104.
4. Tremblay MS, Katzmarzyk PT, Willms JD. Temporal
trends in overweight and obesity in Canada, 1981---1996. Int
J Obes Relat Metab Disord. 2002;26(4):538-- 543.
5. Chobanian AV, Alderman MH, DeQuattro V, et al.
The 1988 report of the Joint National Committee on
Detection, Evaluation, and Treatment of High Blood
Pressure. Arch Intern Med. 1988;148(5):1023---1038.
6. Fagot-Campagna A. Emergence of type 2 diabetes
mellitus in children: epidemiological evidence. J Pediatr
Endocrinol Metab. 2000;13(suppl 6):1395---1402.

14. Centers for Disease Control and Prevention. World Health
Organization Growth Charts. 2000. Available at: http://
www.cdc.gov/growthcharts. Accessed November 14, 2013.
15. Healy MA, Gilliland J. Quantifying the magnitude of
environmental exposure misclassiﬁcation when using
imprecise address proxies in public health research. Spat
Spatiotemporal Epidemiol. 2012;3(1):55---67.

17. ESRI. ArcGIS Desktop. Redlands, CA: Environmental Systems Research Institute; 2011.
18. Govindan M, Gurm R, Mohan S, et al. Gender
differences in physiologic markers and health behaviors
associated with childhood obesity. Pediatrics. 2013;
132(3):468---474.
19. Wisniewski AB, Chernausek SD. Gender in childhood obesity: family environment, hormones, and genes.
Gend Med. 2009;6(suppl 1):76---85.
20. Wang Y, Beydoun MA. The obesity epidemic in the
United States—gender, age, socioeconomic, racial/ethnic,
and geographic characteristics: a systematic review and
meta-regression analysis. Epidemiol Rev. 2007;29(1):6-- 28.
21. Goodman E. The role of socioeconomic status
gradients in explaining differences in US adolescents’
health. Am J Public Health. 1999;89(10):1522---1528.
22. Stewart TC, Gilliland J, Fraser D. An epidemiologic
proﬁle of pediatric concussions: identifying urban and
rural differences. J Trauma Acute Care Surg. 2014;
76(3):736---742.
23. Larsen K, Gilliland J, Hess P. Route based analysis to
capture the environmental inﬂuences on a child’s mode
of travel between home and school. Ann Assoc Am Geogr.
2012;102(6):1348---1365.
24. Mian O, Pong R. Does better access to FPs decrease
the likelihood of emergency department use? Results
from the Primary Care Access Survey. Can Fam Physician.
2012;58(11):e658---e666.
25. The importance of having a usual source of health
care. Am Fam Physician. 2000;62(3):477.

July 2015, Vol 105, No. 7 | American Journal of Public Health

Gilliland et al. | Peer Reviewed | Research and Practice | 1335

